An approach for the direct estimation (DE) of particle parameters in the fine and coarse mode from multiwavelength lidar measurements is presented. Particle size distributions in both modes are approximated by rectangular functions, so the particle density is estimated directly without solving the inverse problem. The numerical simulation demonstrates that the particle volume in both modes can be estimated from 3β+2α lidar measurements with uncertainty of ~25% for a wide range of size distributions. The technique developed was applied to the observations of NASA GSFC Raman lidar. Comparison of the results obtained with DE and regularization approach applied to the same set of data demonstrates agreement between these two techniques.
INTRODUCTION
Retrieval of particle microphysical properties from multiwavelength Mie-Raman lidar observations has become a widely discussed problem during the last decade. Numerous approaches were suggested for inversion of lidar data to particle parameters [e.g. [1] [2] [3] . However, even application of complicated mathematical methods does not guarantee that the acceptable solutions can be found without additional constraints on solution space. The main reason is that the inverse problem is strongly underdetermined: from lidar measurements normally only three backscattering (β) and two extinction (α) coefficients are available in a limited spectral interval 355-1064 nm (so called 3+2 set). All reported results are related mainly to the retrieval of total particle volume and effective radius attributed also to the total size distribution. At the same time in many applications it is very important to separate the contributions of the fine and the coarse modes. Here we present an approach for direct estimation of the fine and the coarse mode parameters without solving the inverse problem.
METHODOLOGY
The particle extinction and backscattering coefficients are related to the volume size distribution v(r) through the integral equation
where g i are lidar measured data (α or β) at different wavelengths, r is the particle radius, mm R  im I -complex refractive index (CRI) and 
where back-calculated optical data are found as min max max min
The numerical simulations performed demonstrate, that best results are obtained when both discrepancies are used, so in our algorithm we minimize the sum
Minimization of discrepancy provides the estimation of particle volume. Similar consideration can be performed for the particle number n(r) and surface s(r) concentrations and effective radius can be calculated as 
and li, j. Thus for 5 input data we have ten equations (11) for volume density. To solve these we minimize the discrepancy (9) as was explained above. Since solutions V f , V c are expressed explicitly we call this approach the direct estimation (DE). The important distinction from regularization retrieval is that DE does not contain an ill-posedness.
We should recall, that problem (12) contains eight unknown parameters
, r min c , r max c , while only five input data are available, so the problem is strongly underdetermined. Such situation is typical, when lidar measurements are inverted to particle parameters: instead a unique solution a family of solutions is obtained. The limitations we put on the "search space" of predefined parameters work as a constrain and help to decrease the number of solutions in the family. The found solutions are ranged in accordance with discrepancy . Normally we are searching for m R and m I inside the intervals 1.3-1.6 and 0-0.015 respectively. The particle radii are taken on interval 0.075 -6.0 m, so the total number of parameters sets considered is of order 10 5 . Usually we average 0.1% of total amount of solutions.
NUMERICAL SIMULATION
A numerical simulation was performed to estimate the uncertainties of DE approach for retrieval the particle volume, effective radius and refractive index. The particle bimodal size distribution was represented as: , 10 -4 were considered. For ratio 10 -2 , the coarse mode is predominant, while for ratio 10 -4 the main part of the volume is contained in the fine mode. The 3β+2α lidar measurements are not very sensitive to the coarse mode contribution when the fine mode is predominant, because the maximal wavelength available is only 1064 nm. This is illustrated by Fig.2, showing Fig.3 . Uncertainties of (a) volume and (b) effective radius retrieval for different ratios of particle number density in the coarse and fine mode. Simulations were performed for m=1.45-i0.005.
APPLICATION TO LIDAR MEASUREMENTS
To test the developed algorithm the measurements performed by NASA GSFC multiwavelength Raman lidar [4] on 22 August 2006 were used. The measured 3β+2α lidar data were inverted to the particle microphysics by using regularization [2] and DE algorithms. Fig.4 .shows the vertical profiles of the particle volume density obtained with two approaches.
